The current emphasis on reducing herbicide applications has led to an increase in alternative weed control measures. Field experiment was conducted in the spring of 2014 to examine the effect of hilling-time and reduced-rates of metribuzin and their combinations on weed infestation in potato, and to determine their impact on potato yield. Metribuzin at 0.35, 0.56, or 0.75 kg ai/ha with or without hilling 6, 7, and 8 weeks after planting (WAP) were used. Weed count, weed control visual rating, weed dry weight, potato plant height, number of shoots and leaves, root dry weight, and potato yield were collected. Results showed that metribuzin, at all tested rates, with or without hilling significantly reduced weed infestation after 50, 70, and 110 days after planting (DAP) compared to the check. Best results were obtained by a combination of metribuzin at all tested rates with hilling 6, 7, and 8 WAP. The results suggest that long season weed control and high marketable yield could be achieved by metribuzin at 0.35 kg ai/ha (53% reduction in metribuzin) supplemented with hilling (6 WAP). None of the treatments was toxic to potato plants compared to the hand-weeded plots.
significant loss of yield quality and quantity through direct competition for light, moisture, and nutrients, as well as harbor insects and diseases that attack potato.
They also present a problem at harvest by increasing mechanical damage to tubers, reducing harvesting efficiency, and slowing down harvesting operations. In Lebanon, potato production involves using conventional tillage method, mechanical planting, and hilling within one month from planting. Hilling is accomplished mainly with a locally manufactured plow to aerate the soil, enhances tuber development, and prevents exposure of tubers to sunlight. While, weed management involves hand weeding and the use of pre or post application of herbicide Metribuzin (Sencor  ) at 0.75 kg ai/ha. However, the globally rising public concern about the use of herbicides has shifted trends towards reduction in their use. The reliance on herbicides poses environmental and economic threat, since herbicides are expensive and can leach in the soil contaminating groundwater, especially when farmers apply high dosage to achieve maximum control instead of just satisfactory management [2] ; Some weeds are becoming resistant to herbicides [3] [4] . Therefore, many researchers are investigating the benefits of integrated mechanical and herbicide techniques for weed management practices [5] [6] [7] .
In order to reduce chemical load on the environment without significant loss in yield, the time and number of hilling operations and herbicide application rates must be optimized. Excessive tillage is costly and can increase soil compaction and lower tuber production, while herbicides pose a potential hazard to the environment. Taking into consideration the environmental and economic aspects posed by these practices, proper hilling times and herbicide rates should be maintained. Accordingly, the objective of this study was to examine weed control with, and potato tolerance to, various combinations of hilling-time and reduced-rates of metribuzin. 
Materials and Methods

Site Information
General Experimental Procedures
The experimental field was tilled twice with a conventional moldboard plow, disked, and leveled two weeks prior to potato planting. 
Experimental Measurements and Statistical Analyses
Experimental plots were arranged in a randomised complete block design Statistical analyses were performed using STATA (2012). Treatment means were compared using one way ANOVA (analysis of variance) and Tukey's range test. Differences were considered significant at α = 0.05.
Results and Discussion
Effect on Weed Growth
Results in Table 1 and (Table 2 ).
Hilling at the right time is very critical in weed management. Early hilling can better control weeds than late hilling since weeds are still young and they lack their secondary roots and food reserves. Fully developed weeds will have a sturdy root system that is difficult to destroy; besides these large weeds can block the cultivators upon hilling, or they may pull potato roots relocating them and causing root injury [10] . Our observation shows that early hilling is more effective against weeds than late hilling. Average weed count was 439, 104, and 140 weeds when plots were hilled 6 WAP at 50, 70, and 110 DAP, respectively, compared to 581, 122, and 180 weeds when plots were hilled 7 WAP, while it recorded 536, 234, and 193 weeds when plots were hilled 8 WAP (Table 1 ). Thus, weeds should be controlled at early stages especially when they emerge with the crop since they are more deleterious than those emerging at later crop growth stages. Also, some weeds are difficult to control at later stages due to their morphology such as their deep root systems or underground storage parts as in perennial weeds.
With the exception of hilling alone at 7 and 8 WAP, all treatments significantly reduced the dry weight of weeds compared to the check (Table 2) . Average weed dry weights in metribuzin (0.75 kg ai/ha) was 63 g with no hilling , 17 g with hilling at 6 WAP, 39 g with hilling at 7 WAP, and 92 g with hilling at 8 WAP. Weed dry weights in all the above treatments were significantly lower than the check. But, weed dry weight in hilling alone at 6 WAP was significantly lower than the check in comparison to hilling alone at 7 and 8 WAP. This observation was also reported by [11] [12] [13] [14] .
Also, we observed that hilling alone was ineffective against perennial weeds (Unpublished data). This is could be due to their ability to re-germinate promptly from vegetative reproductive structures such as rhizomes or tubers, especially if these structures are dispersed through the field upon cultivation in too wet soil conditions [15] . Moreover, hilling is not effective against weeds within the crop row. Weeds growing early in the season between potato plants are more threatening than those growing between rows. This is because most of them are growing beside the crop and cannot be reached by the hilling machine [16] . In addition, hilling can increase weeds within rows by removing soils from spaces between rows and adding them on the hills between potato plants. This will allow weed seeds buried deep in the soil layers that did not receive any her- when hilling is applied at a certain period of the growing term [20] .
And since hilling is a time consuming process and requires specific weather conditions, neither too dry nor too wet, this encouraged farmers to find an alternative weed control strategy [21] . Currently, many farmers are relying on herbicides while reducing or excluding hilling practices in order to manage weeds [22] . In potato fields, pre-emergence or post-emergence herbicides can be used to control weeds. Most grasses and some broadleaved weeds, such as Xanthium strumarium, Capsella bursa-pastoris, and Sinapis arvensis are better controlled by pre-emergence herbicides ( [23] . Our data suggest that, for best weed management, metribuzin use in potato could be reduced by 53% with hilling at 6 or 7 WAP.
Effect on Potato Growth and Development
Hilling or metribuzin and their combinations had no negative effect on potato plants. Average shoot height (Table 3) , plant number, shoot number, leaf number (Table 4) , and average root dry weights (Table 5) showed no significant differences among all treatments compared to the check, at 50, 70, and 110 DAP. Same results were observed regarding potato tuber numbers (Table 7) . There were 58,572 marketable tubers in plots hilled 6 WAP, compared to 27,143 marketable tubers in plots hilled 7 WAP, and 35,000 marketable tubers in plots hilled 8 WAP with no metribuzin, even though there were no significance differences among them in comparison to the check. Regarding metribuzin treatments, marketable and non-marketable tuber numbers showed no significant difference among all treatments of metribuzin, with or without hilling, but significantly different compared to the check and to all hilled plots. Weed control at 
